Immunotherapy has raised the attention of many scientists because it hold promise to be an attractive therapeutic strategy to treat a number of disorders. In this study, the immunomodulatory effects of low titers of Newcastle disease virus (NDV) AF2240 on human peripheral blood mononuclear cells (PBMC) were analyzed. We evaluated cytokine secretion and PBMC activation by cell proliferation assay, immunophenotyping and enzyme linked immunosorbent assay. The proliferation of the human PBMC was measured to be 28.5% and 36.5% upon treatment with 8 hemaglutinin unit (HAU) and 2 HAU of NDV respectively. Interestingly, the percentage of cells with activating markers CD16 and CD56 were increased significantly. Furthermore, the intracellular perforin and granzyme levels were also increased upon virus infection. Human PBMC treated with NDV titer 8 HAU was found to stimulate the highest level of cytokine production including interferon-γ, interleukin-2 and interleukin-12. The release of these proteins contributes to the antitumor effect of PBMC against MCF-7 breast cancer cells. Based on the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide assay, activated human PBMC showed high cytolytic efficiency towards human breast tumor cells. In summary, NDV was able to stimulate PBMC proliferation, cytokine secretion and cytolytic activity.
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Immunomodulatory Effects of Newcastle Disease Virus AF2240 Strain on Human Peripheral Blood Mononuclear Cells
Introduction
Immunotherapy refers to the treatment of a disease by strengthening the body's immune system. To enhance the immune system, immunostimulatory agents such as chemicals, proteins, and viruses are needed [1] . Newcastle disease virus (NDV) is classified into the family of Paramyxoviridae and genus Avulavirus [2] . According to Alexander and Jones [3] , NDV can be further divided into three pathotypes based on the virulence and severity of the disease, which are velogenic (highly contagious), mesogenic (moderate) and lentogenic (mild infection). In addition to its adverse effects on avian species, NDV has been discovered to have oncolytic effects on human tumor cells [4] . Sturlan et al. [5] showed that activated human peripheral blood mononuclear cells (PBMC) exerted a cytotoxic effect on melanoma, colon cancer and breast carcinoma, upon influenza A virus infection. Their findings suggested the potential of using virus to enhance the anticancer activity of the human immune system. In fact, NDV had been found to stimulate the production of cytokines, such as interferon (IFN)-α, IFN-β, tumor necrosis factor (TNF)-α and interleukin (IL)-1, which in turn leads to the activation of natural killer (NK) cells, macrophages, and sensitized T cells [6, 7] .
Report from Biron et al. [8] described that vi-
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International Publisher rus-induced IFN-α and IFN-β are potent inducers of NK cell-mediated cytotoxicity and that NK cells are important contributors to innate defense against viral infections. In this study immunophenotyping of the activated immune cells were performed to determine the activation of subpopulations in human PBMC, especially CD56 and CD16 immune cells, such as NK cells which play important roles in cell-killing mechanisms. In addition, cytokines secretion by activated immune cells, especially T-helper (TH) 1, is another measurement of immunostimulatory effect. TH1 cytokines include IFN-γ, IL-2 and IL-12. These cytokines can augment proliferation and cytotoxic effects of human PBMC [9] [10] [11] . Hence, quantification of extracellular cytokines which were secreted into the cell culture supernatant suggested the activation state of the cytolytic effector cells including NK cell and cytolytic T cell. Activated lymphocytes and NK cells are designed to protect the host from invasion of pathogens and tumor cells. They induce apoptosis on the tumor target using granule exocytosis, Fas/Apo-1 and TNF-α dependent process. The granule exocytosis pathway involves perforins that form pores on the cell membrane of the target cell allowing the granzymes to enter the cells, inducing apoptosis [12] . To determine the production of granzymes and perforin, an intracellular staining method was used to access the activation of lymphocytes and NK cells. Thus, we hypothesised that the levels of intracellular perforin and granzymes may reflect the activity of activated lymphocytes and NK cells. To our best knowledge, the immunomodulatory effects of NDV strain AF2240 on human lymphocytes have yet to be studied. Hence, in this study, the immunostimulatory effects of human PBMC by NDV AF2240 velogenic strain were analyzed.
Materials and Methods

Newcastle disease virus
The local NDV fowl/Malaysia/AF2240 (AF048763) strain was used throughout this study. It has been found to have an intravenous pathogenicity index (IVPI) of 2.56, intracerebral cytopathogenicity index (ICPI) of 1.9, mean death time (MDT) of 53 hours and 105 EID506. This velogenic virus strain can cause 100% mortality in susceptible flocks [10] .
Virus propagation and purification
The NDV AF2240 strain was propagated in allantoic fluid of 10 days-old embryonated chicken eggs at 37°C [11] . After 3 days, the allantoic fluids were harvested and spun down by high speed centrifugation. The virus stock was further purified by sucrose gradient ultracentrifugation. The virus stock was resuspended with phosphate buffer saline (PBS) and stored at -20°C. Hemaglutination test was carried out to determine the purified virus titer in hemaglutinin unit (HAU). Purified virus contained 128HAU titer.
Isolation of PBMC
Blood (20-25mL) was taken at the Universiti Putra Malaysia Student Health Center from 15 healthy donors (7 female and 8 male) using a 25 ml syringe and kept in vacutainer with sodium heparin (BD, USA). The donor's health condition was evaluated by the medical official at the same and each subject provided written informed consent according to the requirements of the Ethics Committee of Biomedical Research of Universiti Putra Malaysia and the principles expressed in the Helsinki Declaration. The blood samples were mixed with the same volume of PBS. The diluted blood sample was layered on Ficoll-Paque Plus (Amersham Biosciences, USA) by using a Pasteur pipette. The mixture was centrifuged under 400x g for 40 minutes at 18-20 o C. After centrifugation, the lymphocyte layer was transferred to a new tube and washed twice with PBS. The cell pellet was resuspended with Roswell Park Memorial Institute (RPMI)-1640 media (Sigma, USA) with 10% fetal bovine serum (FBS) (PAA, Austria). The trypan blue dye exclusion assay was performed to determine the cell number and the cell viability of PBMC.
5-bromo-2'-deoxyuridine (BrdU) assay
Cell proliferation assay was performed by using the BrdU Cell Proliferation Assay kit (Calbiochem, USA) according to the manufacturer's instruction.The PBMC were cultured in the 96-well tissue culture microtiter plates (Nunc, Denmark) and incubated for 24, 48 and 72 hours, respectively, at 37°C and 5% CO2. After the corresponding period, BrdU label was added into all wells and incubated for an additional 24 hours. Then, fixative/denaturing solution was loaded to fix the cells on the plate for 30 minutes followed by addition of anti-BrdU antibody into the wells. The wells were washed thrice with PBS to remove the non-specific binding and then the conjugate was added into the wells. After 30 minutes, the 3,3',5,5'-Tetramethylbenzidine (TMB) substrate solution was loaded in dark condition. After adding the 0.16 M sulfuric acid stop solution, the plate was read by µ-Quant ELISA Reader (Bio-Tek Instruments, USA) at the wavelength of 450-540nm [12] . Percentage of cell proliferation was calculated using the following formula:
% of cell proliferation = control OD sample OD X 100
Immunophenotyping
Flow cytometric immunophenotypingwas uti-lized to determine the expression level of surface marker such as CD56 and CD16 on the activated lymphocyte and to determine the level of perforin and granzymes that assembled in the cells. All the human targeting monoclonal antibodies were purchased from Dako, Denmark. Human PBMC were exposed to virus titer 8 
Enzyme-linked immunosorbent assay
The targeted cytokine (IFN-γ) was analyzed using the Instant ELISA kit (Bender MedSystems, Austria) based on suppliers protocol. Upon NDV treatment with PBMC,the supernatant was collected and loaded in antibody pre-coated microplate for 3 hours. The plate was washed with wash buffer and the TMB substrate solution was added in the wells. After adding the stop solution, the absorbance was read on a µ-Quant ELISA Reader (Bio-Tek Instruments, USA) using 450nm wavelength and 620nm reference wavelength [12] .The level of granzyme B was analyzed using Granzyme B ELISA kit (Bender MedSystems, Austria) in the supernatant of PBMC co-cultured with MCF-7 at the ratio of effector cell (PBMC) to target cancer cell (MCF-7) of 5:1 for 24 hours.
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) microcytotoxicity assay
The MCF-7 cells (target) were seeded in 96-well tissue culture plates (Nunc, Denmark) and incubated for 24 hours at 37°C and 5% CO 2 . NDV-treated (titer 8 HAU, titer 2 HAU) and non-treated negative control PBMC were cultured for 72 hours in 6-well tissue culture plates (Nunc, Denmark). After the incubation period, the PBMC were washed with PBS to remove the virus. The treated PBMC were co-cultured with MCF-7 cells in the ratio of effector cell (PBMC) to target cancer cell (MCF-7) of 5:1, 2:1 and 1:1 for 24 hours. The media from all wells was removed and washed 3 times with PBS and replaced with fresh media to remove the effector PBMC and detached MCF-7 cell. The removed media was pelleted and the supernatant was subjected to hemaglutination test to evaluate the present of virus residue in the culture. No HAU was detected from all the harvested media. On the other hand, MTT solution (Sigma, USA) was added into the wells and incubated again for 4 hours to evaluate the viability of the attached and healthy MCF-7 cell. Dimethyl sulfoxide (DMSO) (Fisher scientific, UK) was replaced into each well to dissolve the formazan crystal formed and the plate was read by µ-Quant ELISA Reader (Bio-Tek Instruments, USA) at wavelength 570 nm.
Annexin-V-FITC/PI apoptosis assay
NDV-treated (titer 8 HAU or titer 2 HAU) and non-treated PBMC were cultured for 72 hours in 6-well tissue culture plates (Nunc, Denmark). Later, the PBMC was co-cultured with MCF-7 in the ratio of effector cell (PBMC) to target cancer cell (MCF-7) of 5:1 for 24 hours.After incubation, all the suspended cellswere discard and the adherent MCF-7 cells werestained withAnnexinV-FITC/PI apoptosis kit (BD, USA) and analyzed by BD FACS Calibur multicolor flow cytometer (Becton, Dickinson and Co., USA).
Statistical analysis
The results were analyzed using the SPSS Statistics 17 software. The results were expressed as mean ± standard error (SE). The significance of differences between means was determined using One Way ANOVA test with Duncan test. p ≤ 0.05 was taken as statistically significant.
Results
Cell proliferation assessment of activated PBMC upon NDV treatment
Cell proliferation was investigated to determine the immunostimulatory effects of NDV using BrdU cell proliferation assay by measuring the incorporation of thymidine analog Bromodeoxyuridine. BrdU is incorporated into the newly synthesized DNA of replicating cells during the synthesis phase of the cell cycle, indicating that the cells are actively replicating their DNAs. Exposure to NDV by human PBMC increased the cell proliferation by 28±7.329% and 36±13.033% after being treated with virus titer 8 HAU and 2 HAU respectively for 72 hours compared to untreated control cells (Figure 1 ). These results clearly reflected the increase of proliferation potency upon virus treatment. Figure 1 . BrdU cell proliferation study of human peripheral blood mononuclear cells (PBMC) after exposed to NDV for 72 hours.The values were the means ± SE of three independent experiment. The differences between the control group and treated group were determined by one-way ANOVA. (* p < 0.05).
Immunophenotyping analysis of activated PBMC
In this study, the activated PBMC were stained with anti-human CD56 and anti-human CD16 antibodies and analyzed by flow cytometry and the results are shown in Table 1 . The population of cytolytic NK cells that expressed signals to CD56 and CD16, were increased significantly to 9.163±0.34% and 5.79±0.362% upon treatment with virus titer 8 HAU and 2 HAU respectively compared to control (4.31±0.144%). Similarly, the population of cytokine secreting NK cells was also increased, after exposure to NDV. Figure 2 shows the level of cytokines secreted after NDV treatment. It has been demonstrated that NDV is a potent inducer of IFN-γ and increasing level of IFN-γ might reflect the activation status of human PBMC [13] . Many reports showed the ability of IFN-γ activating and enhancing the immune cells including NK cells, T lymphocytes and macrophages [8, 12, 14] . After 48 hours of NDV treatment, the highest level of IFN-γ was observed (44.221±0.903pg/ml) at titer 8 HAU ( Figure 2) ; and the cells treated with NDV titer 2 HAU, the IFN-γ level was 27.566±4.159pg/ml compared to the mock infected control (8.752±1.699pg/ml).
Cytokines secretion analysis upon NDV induction
The level of IL-2 was also determined as it has the ability to augment the immune functions of NK cells such as T lymphocytes and macrophages. Figure  3 shows the time dependent increase of IL-2 levels by human PBMC after NDV induction. The highest IL-2 level was obtained after 72 hours for both treatment groups. The level of IL-12 increased significantly (p< 0.05) after being cultured with NDV titer 8 HAU and 2 HAU for all 24, 48 and 72 hours except treatment time 72 hours for treatment group with titer 2 HAU ( Figure  4) . We speculate that IL-12 plays a role in enhancing cytotoxicity of human immune system against cancer cell. Taken together, the release of augmented levels of cytokines indicated the activation status of human PBMC. These results complemented with the findings by Carlens et al. [15] and Ortaldo et al. [16] who reported that cytokines, such as IFN-γ, IL-2 and IL-12 might enhance NK cell proliferation and activities. 
Expression of granules in NDV activated PBMC
The intracellular protein, perforin, is involved in granule-mediated cytolytic mechanism. The level of intracellular perforin synthesised by activated PBMC was determined by immunophenotyping. The percentage of cells that contained perforin increased significantly after exposure to the virus for 72 hours ( Table 2 ). The percentages of CD56 positive NK cells which contained perforin was significantly increased (p< 0.05) from 4.28±0.143% (control) to 10.57±0.392% (treated by 8 HAU virus) and 9.43±0.027% (treated by 2 HAU virus). On the other hand, the T cell population at 8 HAU virus was able to induce significant changes of perforin synthesis compared to control. In addition, we analyzed the production of another intracellular granule protein, granzyme B that functions to induce apoptosis and cell lysis using flow cytometry immunophenotyping. The results showed that the population of cells containing granzyme B increased significantly upon virus treatment (Table 3 ). The populations gave fluorescence signals for both granzyme B and CD56 indicating the presence of NK cells. The percentage of NK cells was significantly increased (p<0.05) to 10.53±0.391% and 9.11±0.026%, after treatment with NDV at 8 HAU and 2 HAU, respectively.
Furthermore, the population of none-activated NK cell (CD56+Perforin-/Granzyme B-) was also found to be increased after being treated with 8 HAU and 2 HAU of NDV (Table 2 and Table 3 ). 
Cytolytic effects of activated PBMC on human breast cancer MCF-7 cells
MTT assay was performed to determine the cytolysis effects of activated PBMC towards MCF-7 cell lines. After 72 hours of incubation of the human PBMC with NDV, the NDV was removed by washing with PBS and the activated PBMC cells were co-cultured with MCF-7 cells. We observed that the higher PBMC effector to MCF-7 target (E/T) ratio gave higher reduction of target cell viability ( Figure  5) ; the MCF-7 viability dropped to 69.66% and 70.18% after being treated with activated PBMC by NDV at 8 and 2 HAU respectively at 5 to 1 E/T ratio. Furthermore, we carried out Annexin-V-FITC/PI flow cytometry apoptosis assay to determine the mode of cell death induced by NDV treated PBMC against MCF-7.The results showed that the activated PBMC induced around 30% of MCF-7 to undergo late apoptosis similar to the results of the MTT assay. At the same time, 8 HAU NDV treated PBMC also induced significant level of early apoptosis on MCF-7 com-pared to control (Table 4) . Overall, the result indicated that 8 HAU NDV activated PBMC induced utmost cell death on MCF-7 cell by apoptosis. In addition, we analyzed the level of granzyme B with the cytolytic effect of NDV activated PBMC to MCF-7 cell. The level of granzyme B in the media of the co-culture was assayed using ELISA. In the media of MCF-7 cell co-cultured with 8 and 2 HAU NDV treated PBMC, 3.11 and 2.84 fold (which were 287 pg/ml and 261 pg/ml) increase of granzyme B was detected ( Figure  6 ). On the other hand, minimum spontaneous release of granzyme B (<20 pg/ml) was detected in the NDV treated or untreated PBMC that were not co-cultured with MCF-7. This result indicated that elevated granzyme B expression in NDV treated PBMC may stimulate the apoptosis in MCF-7 cell. 
Discussion
Immunotherapy which enhances the immune system to fight diseases could be one of the potential approaches for cancer patients. We demonstrated the potential use of NDV local strain AF2240 as an immunomodulator for the human immune system against human breast cancer cells. The virus is expected to work synergistically with chemotherapeutics and immunotherapeutic drugs, as well as surgery and radiotherapy in cancer treatment. In this study, we have shown that the stimulation of all predominant cell populations of PBMCs with low dose of NDV had led to the enhancement of PBMC cytotoxicity. Other experiments directed toward the application of autologous virus modified tumor cell vaccine to cancer patients caused the activation of multiple innate and adaptive immune responses [17] . Several parameters were taken into account including cell proliferation, metabolic activity and cytokine stimulation through activation of immune cells to investigate the immunostimulatory effects of NDV on the human immune system. After the PBMC treatment with NDV, cell proliferation was observed ( Figure 1 ) and treatment with 2HAU virus titers has expressed the highest proliferative effect. The dynamic of BrdU proliferation was similar with the pattern of IL-2 level indicating that secretion of IL-2 promote the proliferation of PBMC (Figure 1 and 3 ) since IL-2 was previously reported as being immunoproliferative for cytokine PBMC [18] .The human PBMC comprises several effector cells including lymphocytes and NK cells. The virus treated cells exhibiting the cell receptors of CD16 and CD56 increased significantly and reflected the cytolytic NK cell population. In addition, the cytokine secreting NK cells that expressed only CD56 signals were also increased upon virus treatment. Activation of immune cell surface marker is important for the immune cells to enhance the cytolytic activity. CD56 is an isoform of the human neural cell adhesion molecule on human NK cells and it mediates interactions between NK cells and other cells. On the other hand, CD16 is one of the activating receptors associated with immunoreceptor tyrosine-based activation motif containing adaptor proteins. CD16 is able to bind to the Fc portions of IgG that further increases antibody-dependent cell-mediated cytotoxicity and helps NK cells to recognize and kill the antibody-coated cells [19] . Crosslinking between target cells and the activating receptors leads to NK cells activation and cytotoxic activity. Activation of lymphocytes and NK cells may induce apoptosis of tumor cells and virus infected cells by granule exocytosis, Fas/Apo-1 and TNF-dependent processes [20] . For the granule exocytosis mechanism, transmembrane channels were generated by direct contact of the PBMC with their target cells resulting in the release of perforin. Together with perforin, granzymes from NK cells enter the MCF-7 target cells and induce apoptosis. In addition, cytokine secretion upon NDV treatment may indicate the activation effect of human PBMC. The activated NK cells upon virus infection can produce IFN-γ [20] suggesting the possible involvement of IFN-γ in antiviral activity by the NK cells. Based on the ELISA results, high level of IFN-γ was obtained upon virus treatment. Releasing of IFN-γ promotes TH1 immunity and activates the CD56+ NK cells which augment the antitumor functions [5, 21] . Double staining immunophenotyping showed that the level of perforin and granzymes in the effector cells were increased after being treated with NDV. This suggested that human PBMC was activated by NDV which contributed to the cytotoxic effects on tumor cells. Moreover, cytolytic effect on tumor cells is a parameter to determine the degree of activation on human PBMC. Exposure of PBMC to low dosage of NDV was able to enhance the cytolytic effect against the human breast cancer MCF-7 cell. Based on the MTT result, viability of MCF-7 cells was significantly reduced by activated effector cells. This was further supported by the Annexin V-FITC analysis where the NDV treated PBMC induced both early and late apoptosis on MCF-7 cell. In addition to that, granzyme B was increased 3 fold higher in media of MCF-7 co-cultured with NDV activated PBMC induced apoptosis on MCF-7 cell. Previous reports have demonstrated the success of using NDV for cancer therapy on preclinical mouse in an in vivo study as well as in human clinical trials [13, 22] . However, NDV may not only have the direct cytotoxic effect on tumor cells but may also be able to enhance the cytolytic activity of immune cells. It has been shown that administration of NDV resulted in stimulation of T cell responses [23] and NK-mediated cytotoxicity [24] . Besides, the activated NK cell population (CD56+Perforin+/Granzyme B+), none-activated NK cell population (CD56+Perforin-/Granzyme B-) was also found to be stimulated by NDV. It has been reported that the none-activated NK cells secrete large amounts of IFN-γ [25] . In the present study, we found increased IFN-γ expression and the augmented IFN-γ further activated dendritic cells, NK cells and promote T cell responses [26] . In addition, NDV itself was able to stimulate TNF-α and nitric oxide production to induce antitumor cytotoxicity of macrophages [7] .Taken together, NDV strain AF2240 is a potential immunotherapeutic agent that can be used to modulate the human immune system to act against tumor cells. NDV was able to increase proliferation of PBMC, activate the effector surface receptors, stimulate cytokines and cytolytic effect on MCF-7 cells. Further studies should focus on determination of the mechanism of anti-tumor response of isolated subpopulations of human PBMC to substantiate NDV's potential application in tumor immunotherapy.
